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1,2 Good long-term results depend on the ultimate correction, which is ideally 2° to 8° of valgus of the mechanical axis. [3] [4] [5] [6] There are several reports of good results achieved by closedwedge osteotomy, [3] [4] [5] [7] [8] [9] but this procedure is technically demanding. The outcome is unpredictable and the period of convalescence lengthy. 7, [9] [10] [11] In addition, access to the lateral compartment may be difficult after previous tibial osteotomy, 12, 13 and even in the younger age group some surgeons carry out a primary arthroplasty rather than an osteotomy. [14] [15] [16] Open-wedge osteotomy by hemicallotasis (HCO) is simpler and requires a shorter rehabilitation period. 17, 18 We have compared in a randomised, prospective study the results and complications of closed-wedge high tibial osteotomy (HTO) and HCO.
Patients and Methods
We randomly allocated 46 patients (14 women and 32 men) to either HTO (n = 25) or HCO (n=25). The two groups were similar in age, gender, preoperative grade of arthritis and hip-knee-ankle angle (HKA) ( Table I ). The median age was 55 years (40 to 68) in the HTO group and 55 years (38 to 64) in the HCO group. The median range of movement was 125° (105 to 140) in the HTO group and 130° (90 to 150) in the HCO group. Bilateral surgery was carried out on four patients, one of whom was randomised to HTO on both sides. The other three had HTO on one side and HCO on the other. There was a median interval of nine months (2.5 to 14) between the two operations. Surgeons of equal experience and skill carried out the procedures.
The indication for surgery was pain in younger, active patients with medial arthritis of grade 1 to 3. 19 We aimed to achieve an overcorrection to an HKA of 4° of valgus in both groups. The correction of 4 ± 2° of valgus was considered optimal. With patients standing weight-bearing, we evaluated radiologically the grade of arthritis and the degree of varus deformity. Measurements of the HKA angle were taken with the knee in slight flexion, and the values obtained were reasonably reproducible. 20, 21 A true lateral radiograph was obtained by superimposing one femoral condyle over the other, and the anteroposterior projection was taken at 90° to this lateral plane. We calculated HKA angles using a ruler frame and a full-length radiograph which showed both hip and ankle, drawing lines from the centre of the femoral head and from the centre of the tibial surface of the ankle to the midpoint between the spines of the tibial eminence. 22 The medial angle between these two lines gave the HKA angle. Angulation of less than 180° was considered varus. We measured the angular correction in the HTO group on the first postoperative day. It was defined as the difference between the preoperative and postoperative angles of the tibial plateau, measured as the angle between the tibial condyles and the tibial anatomical axis in the frontal plane. In the HCO group, correction was achieved gradually and the first comparison was made six weeks after surgery. At this time we removed the casts from patients in the HTO group and began rehabilitation. In the HCO group, external fixators remained in place.
We used the Hospital for Special Surgery (HSS) score, the Lysholm score and the Wallgren-Tegner activity score [23] [24] [25] for clinical assessment. Part 1 of the self-administered Nottingham Health Profile (NHP) questionnaire was used to obtain an appraisal of perceived personal health. 26 The patients responded to 38 weighted statements covering six categories: energy, sleep, physical mobility, emotion, pain and social isolation. A minimum score of zero indicates that a patient experiences no problems in a particular category; the maximum score is 100. The four patients who had bilateral operations were only assessed for the first procedure. Consequently, the HTO group consisted of 22 patients and the HCO group of 24. NHP assessments of two patients, one from each group, were excluded because of incomplete answers. In both groups a visual analogue scale (0 to 10) was used to evaluate pain three and six weeks after operation. In the HCO group pain was also evaluated one and two weeks after surgery, during the initial distraction phase.
A follow-up examination was first carried out one year after operation. An outside observer conducted the followup at two-years. Before the examination, the relevant leg was covered to conceal the operative technique. The duration of periods of hospitalisation and convalescence were recorded. Two patients in each group who had retired at the time of operation were excluded from the evaluation of sick leave.
Descriptive statistics are given as median values (range). We used the chi-squared, Fisher's exact, and the MannWhitney U tests to compare the radiological assessments and the knee and pain scores of the two groups. The Wilcoxon signed-rank test compared changes in clinical scores, NHP or HKA angles within each group. A p value of ≤ 0.05 was considered significant. Closed-wedge osteotomy (HTO). We used a tourniquet to create a bloodless field. The peroneal nerve was identified and the lateral cortex of the tibia exposed. A cylinder of bone was removed from the fibula appropriate to the degree of planned correction. Using a reciprocal saw, a proximal osteotomy was performed 2 to 2.5 cm below the knee. With a guide instrument 27 the distal osteotomy was carried out aiming at an overcorrection to 4° of valgus. Once the bone wedge had been removed, the gap was closed and stabilised with a long-stepped bone staple. After closure of the wound a plaster cast was applied. Patients were allowed immediate weight-bearing. Casts were removed after 45 days (0 to 94). One patient was given an orthosis rather than a plaster cast immediately after the operation. In another the cast was exchanged after 17 days for an orthosis which the patient used for 28 days.
Hemicallotasis (HCO).
We chose to use the OF-Garche fixator (Orthofix Srl, Bussolengo, Italy). Using a template, two pins were inserted about 2 cm below the joint line in the proximal tibial metaphysis and two in the diaphysis. They were 110 to 130 mm conical-threaded pins of the cortical type (Orthofix 6/5 mm). The osteotomy was carried out with a reciprocal saw at the level of the distal third of the tibial tuberosity. It extended to about the medial 75% of the tibial circumference. The lateral cortex was left intact, acting as a hinge during the distraction phase. No fibular osteotomy was performed. Patients were allowed immediate weight-bearing. Angular distraction was initiated seven to ten days after surgery, and was controlled by measurements of the HKA. Once the planned degree of correction had been achieved, the fixator was locked. Patients returned ten weeks after surgery for radiological, ultrasonic and clinical examinations. Further follow-up visits were planned according to progress. When there was sufficient callus, the fixator was removed and the patient was encouraged to practise full weight-bearing. The pins were then removed in the outpatient department, without analgesia or sedation. The mean period of external fixation was 88 days (61 to 146). After operation prophylactic antibiotics were given over a median time of ten days (6 to 33). The patients were instructed to clean the pins and skin daily and to keep the pin wounds open. Any symptoms of pintrack infection were treated with antibiotics. We used the Otterburn classification 28 to grade infections (Table II) .
Patients had unlimited access to the treating team. Table III shows the results of the radiological evaluation after operation. In the HTO group, the mean intraoperative correction was 12° (4 to 20). Correction to 4 ± 2° of valgus was achieved in 16 of the 25 operations with correction to 4 ± 4° of valgus in 21 ( Fig. 1) . At six weeks, the median HKA angle was 185° (176 to 194) in the HTO group and 184° (181 to 188) in the HCO group (Table III) . Seven of the HTO and 21 of the HCO patients had HKA angles between 182° and 186°. The difference was significant (p < 0.001). The HKA angles decreased from 185° to 182° during the first year in the HTO group, but did not change in the HCO group (p < 0.001). During the second postoperative year, there was no significant change in the HKA angles within the two groups. At the one-year follow-up (Fig. 2) ten of the HTO and 21 of the HCO group had HKA angles in the range 182° to 186° (p = 0.002). At the two-year follow-up (Fig. 3) , 11 of the HTO group and 18 of the HCO group had HKA angles within this range.
In the HCO group, pain was classified as zero (0 to 5) one week after surgery and as 3 (0 to 10) during the distraction phase a week later. Three weeks after surgery it was zero (0 to 5) in the HTO group and 2 (0 to 8) in the HCO group (p = 0.09). After six weeks, it was zero in both groups (0 to 6 in the HTO group and 0 to 3 in the HCO group; p = 0.99). In both groups, the clinical scores were improved at the two-year follow-up, and the HSS, Lysholm and Wallgren-Tegner activity scores were similar (Table  IV) . The range of movement was 120° (110 to 150) in the HTO group and 125° (10 to 135) in the HCO group. We found no significant differences between values before and after operation or between the two groups.
Scores in the NHP categories of pain and physical mobility were improved in both groups and there were no significant differences between them (Table V) . Both hospital stays (p < 0.001) and convalescence periods (p = 0.01) were shorter for patients in the HCO group (Table VI) . Complications of HTO. During the period of treatment there was a definite change in the HKA angle in four patients. In one, the angle increased from 185° to 197°d uring the period of fixation of the cast. No improvement had occurred six weeks after an attempt at closed reduction and prolonged immobilisation. Revision surgery was carried out 53 days after the primary operation. The lateral staple was removed. The valgus angle was decreased and held by two staples on the medial side. Intraoperative bone cultures confirmed deep infection 446 Difference in degrees between planned and achieved correction, measured as the postoperative change in the angle of the tibial plateau after HTO.
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Fig. 2
HKA at the one-year follow-up given as the percentage (95% CI) of operations. The difference between the two operative groups is significant (p = 0.002). HKA at the two-year follow-up given as the percentage (95% CI) of operations. The difference between the two operative groups is not significant. with Enterobacter cloacae and the patient was treated with ciprofloxacin for four weeks. The osteotomy healed with an HKA angle of 193° at the one-year follow-up. Clinical scores at two years indicated a good to excellent result. In a second patient, the HKA angle increased during the period of fixation of the cast from 186° to 190°. Closed reduction was carried out and a cast maintained for 66 days in all. At the one-year follow-up, the HKA angle was 188° and the clinical result at two years was considered to be fair to good. In the patient whose cast had been exchanged for an orthosis 17 days after surgery, the HKA angle increased from 184° to 191°. The increased valgus angle was detected ten weeks after operation, by which time the osteotomy was considered healed. At the one-year follow-up, the HKA angle was 191°. Clinical scores at the two-year follow-up indicated a fair to good result. A fourth patient lost correction while the leg was in plaster. The HKA angle was 175° six weeks after surgery. Closed reduction was carried out and the leg immobilised in plaster for a total of 59 days. At one year, the HKA angle was 174°. The patient developed lymphoedema below the knee. Clinical scores at the two-year follow-up indicated a fair to good result. The lymphoedema had decreased, but the patient was still having lymph therapy twice a week.
Complications of HCO.
One patient was admitted to the orthopaedic ward for two days complaining of pain at the end of the distraction phase. There were no signs of any other complication. We recorded 18 pin-track infections, classified as grade 1 to 2, in 15 patients; this is equal to a rate of pin infection of 18%. The infections were localised to the tibial metaphysis in 14 patients. Patients received antibiotic treatment for 24 days (6 to 101). During the period of external fixation, antibiotics were administered once to three patients, twice to seven, three times to four, and four times to one. We encountered no deep infection or septic arthritis.
Discussion
Our results show that HCO is a reasonable alternative to HTO. The latter relieves pain effectively in arthritis of the medial compartment. [3] [4] [5] 8, 9 Slight overcorrection of the mechanical axis gives the best long-term results, diminishing both the risk of recurrence of varus deformity and the need for revision surgery. The disadvantage of HTO is that it is technically demanding and calls for a long period of rehabilitation. This may explain the preference for unicompartmental or tricompartmental arthroplasty. [14] [15] [16] It is easier to undertake HCO, but neither the technique nor the standards for postoperative monitoring during the distraction and healing phases have yet been well described. 17, 18 In earlier studies of HTO the accuracy of correction has varied, according to the authors' own definition of the desired amount, between 22% and 98%. 7, [9] [10] [11] 27 In our series, 84% of HKA angles were adjusted to between 180°a nd 188°. We found that the HCO technique gave more precise and predictable results, and less patients lost correction during the first postoperative year.
Both bony deformity and ligamentous laxity may contribute to abnormal HKA angulation. Since the influence of ligamentous laxity is difficult to determine, assessment of the correction achieved by HTO is generally based on osseous correction of the total deformity. 29 This may explain why there was a difference in the HKA angles immediately after surgery and six weeks later. The osseous correction of the HCO is progressive, and the correction achieved is assessed by repeated measurement of the HKA angle. Therefore the influence of ligamentous laxity is reduced and excessive overcorrection is less likely to occur. Periods of hospital stay and convalescence were shorter in the HCO group. Despite better radiological results, we found no significant differences in the clinical results of the two groups, perhaps because they were too small for statistical evaluation. The clinical scores seemed to lack the sensitivity to detect differences in younger, active patients.
Prodromos, Andriacchi and Galante 30 reported that in a group of patients with early loss of correction after HTO the peak adduction moments were not neutralised when assessed by gait analysis. In our HTO group, three of the four patients who had complications developed overcorrection during the time which they were immobilised in plaster. In the others there was notable loss of correction during the first postoperative year; the combination of a staple and a plaster cast was insufficient to maintain correction during the healing phase. fixation may reduce this complication. Near the end of the distraction phase, several patients in the HCO group reported subjective improvement and greater comfort in the knee on walking. This suggests that a more individualised correction may be obtained using the HCO technique assuming that the optimal individual correction is normally distributed. The incidence of pin-track infection in the HCO group may present a problem. Infection in the metaphysis may jeopardise later knee arthroplasty. Earlier studies report that there is an incidence of minor infections of 5% to 58% and of major infections of 2% to 20% when external fixators are used. 31, 32 We found only minor infections perhaps because of the relatively long period of antibiotic prophylaxis and the aggressive use of antibiotics when indicated during the fixation period. After HTO the complications were fewer, but more serious. Short of carrying out revision surgery, there were few ways to manage the loss of correction which occurred during the period of fixation. With HCO we obtained accurate correction and comparable clinical outcomes. Pintrack infection, which was not accompanied by clinical problems, was the only complication. Both the length of stay in hospital and the morbidity were reduced after the use of the HCO technique.
